What drives volatility in foreign exchange market in Pakistan? This paper undertakes an analysis of modelling exchange rate volatility in Pakistan by potential macroeconomic fundamentals well-known in the economic literature. For this monthly data on Pak Rupee exchange rates in the terms of major currencies (US Dollar, British Pound, Canadian Dollar and Japanese Yen) and macroeconomics fundamentals is taken from April, 1982 to November, 2011. The results show that the PKR-USD exchange rate volatility is influenced by real output volatility, foreign exchange reserves volatility, inflation volatility and productivity volatility. The PKR-GBP exchange rate volatility is influenced by foreign exchange reserves volatility and terms of trade volatility. The PKR-CAD exchange rate volatility is influenced by terms of trade volatility. The findings of this paper reveal that exchange rate volatility in Pakistan results from real shocks than nominal shocks.
INTRODUCTION
Modelling exchange rate volatility continues to attract attention from both academic and policy researchers due to its significance for the economy. In spite of considerable amount of empirical work undertaken, the modelling volatility in exchange rates remains a challenge. Using information in macroeconomic fundamentals to model volatility in foreign exchange markets is not completely new to the literature (see e.g. Calderón, 2004; Grydaki and Fountas, 2009; Cheung and Lai, 2009; Chipili, 2012) but there is no general conclusion on modelling exchange rates volatility by macroeconomic fundamentals due to the divergent theoretical exchange rate determination models are found in economic literature. There are some studies that have emphasized the importance of nominal shocks with transitory effects on exchange rates volatility (Morana, 2009) , while others has documented real shocks with large permanent effects as the dominant source of exchange rate volatility (Bayoumi and Eichengreen, 1998; Devereux and Lane, 2003) . Moreover, there are some studies that have shown no connection between macroeconomic fundamentals and exchange rates (Flood and Rose, 1995) .
Exchange rate volatility in developing countries like Pakistan is very pervasive. In Pakistan, an extensive increase in the exchange rate volatility is seen in the recent years. It has significant effects on decisions made by many economic agents who participate in foreign exchange markets like traders, investors, managers and firms. It also has significant effects on decisions made by policy makers in formulating suitable policies. Therefore, understanding 59 volatility movements in exchange rates is of crucial importance and understanding the macroeconomic causes of exchange rate volatility helps to uncover linkages between exchange rate movements and underlying shocks. Moreover, a better understanding of the driving forces of exchange rate volatility is important for policy makers and monetary authorities.
Our paper undertakes an analysis of modelling exchange rate volatility in Pakistan by potential macroeconomic fundamentals well-known in the economic literature. It investigates which macroeconomic fundamentals drive volatility in foreign exchange market in Pakistan through GARCH models and how well do the potential macroeconomic fundamentals explain nominal exchange rate volatility over time? In order to study the volatility dynamics, monthly data on Pak Rupee exchange rates in the terms of major currencies (US Dollar, British Pound, Canadian Dollar and Japanese Yen) and macroeconomics fundamentals are taken from April 1982 to November 2011 for a total of 356 monthly observations.
The structure of paper is as follows: Section 2 presents the literature review. Section 3 presents exchange rate volatility model. Section 4 reports empirical analysis. Section 5 provides conclusion and policy recommendations.
A REVIEW OF EMPIRICAL STUDIES ON EXCHANGE RATE VOLATILITY
Most of the empirical work has used either a specific or a combination of fundamentals-based models in modelling exchange rate volatility. For instance, Bartolini and Bodnar (1996) and Morana (2009) have employed the monetary model of exchange rates; Benita and Lauterbach (2007) has taken the central bank intervention in the foreign exchange market; Calderón (2004) has focused on new open economy macroeconomics; Bayoumi and Eichengreen (1998) and Devereux and Lane (2003) have based the analysis on optimum currency areas (OCA) factors while Hausmann et al. (2006) has incorporated factors from different exchange rate models. Therefore, there is no consensus regarding determinants of volatility of exchange rates due to the existence in economic literature of divergent theoretical models of exchange rate determination.
De Grauwe et al. (1985) have found that positive relation between variability of exchange rates and variability of monetary shocks. Dornbusch (1976) , Mussa (1986) and Edwards (1987) have emphasized nominal shocks with transitory effects on exchange rates fluctuations. Stockman (1983) has emphasized real shocks with permanent effects on exchange rate fluctuations. Flood and Rose (1995) have found macroeconomic fundamentals explain a small proportion of volatility in exchange rates. Benita and Lauterbach (2007) , in a panel study have found positive correlation between volatility of exchange rates, the central bank intervention and real interest rates. In a specific country, Israel, they have found negative correlation between them. Hviding et al. (2004) has found higher international reserves reduce exchange rate volatility. Grydaki and Fountas (2009) have found that variability in the money supply, inflation and output explains variability in exchange rates. Morana (2009) have found that that exchange rate volatility is affected by the monetary shocks particularly output and inflation volatility.
The "New Open Economy Macroeconomics" Obstfeld and Rogoff (1995) have argued that non-monetary factors are important in explaining volatility in exchange rates. Calderón (2004) has analyzed non-monetary factors such as productivity shocks, terms of trade; openness and government spending are also explaining volatility in exchange rates. Greater variability in real productivity shocks results in higher exchange rate variability. Greater trade openness reduces exchange rate volatility.
Some studies have shown OCA factors as potential sources of volatility in exchange rates. Bayoumi and Eichengreen (1998) have evaluated OCA theory and have found OCA factors substantially explain exchange rate volatility. They have concluded nominal exchange rate volatility decreases with trade and increases with the size of the countries. Obstfeld and Rogoff (2000) and Hau (2002) have found trade flows and openness reduces exchange rate volatility. Devereux and Lane (2003) have extended OCA theory by adding financial factors as determinants of exchange rate volatility and have found higher trade and financial linkages reduces volatility of exchange rates. Bangaké (2008) has found that volatility in exchange rates is influenced by OCA factors for selected African countries. They have concluded trade flows and openness have negative effects on exchange rate volatility which is supported by Devereux and Lane (2003) and Hau (2002) . Cheung and Lai (2009) have found exchange rate volatility tends to increase with financial openness and decrease with financial depth and trade openness. They have also concluded that financial factors influence exchange rate volatility in shorter horizons while trade related factors influence exchange rate volatility in longer horizons.
A number of studies have employed GARCH models in modelling underlying sources of exchange rate volatility. Hua and Gau (2006) have employed the periodic GARCH model in analyzing intraday Taiwan dollar/US dollar exchange rates by controlling for the impact of news, central bank intervention and inventory control in the conditional variance equation. All these factors impact positively on conditional volatility. Bauwens et al. (2006) has model the Norwegian krone volatility by investigating the role of information arrival on the market using the EGARCH. Exchange rate volatility is specified as a function of information variables, Euro/US dollar exchange rate, oil price volatility, stock market index, and the interest rate as explanatory variables. Stančík (2007) has estimated the Threshold ARCH (TGARCH) model in analyzing exchange rates volatility by controlling for news factors, openness and exchange rate regime with variable effect across countries. Similarly, Fidrmuc and Horváth (2008) have focused on new EU countries and applied GARCH and TGARCH models. Chipili (2012) has examined the sources of volatility of Zambian kwacha exchange rates using the GARCH models and has found both monetary and real factors effect exchange rate volatility. They have concluded that real factors have smaller effect on exchange rate volatility than monetary factors. The factors such as foreign reserves changes, money supply growth, openness, domestic real interest rates changes and output growth increase exchange rate volatility while real foreign interest rates changes and inflation rate changes decrease exchange rate volatility. Ahmed (2012) has used GARCH models and found money supply, general price level (CPI), and current account as main determinants of exchange rates volatility in Sudan.
EXCHANGE RATE VOLATILITY MODEL
In order to study what drives exchange rate volatility in Pakistan and which macroeconomic fundamentals accounts for volatility, GARCH models based on potential macroeconomic fundamentals are estimated. The empirical model of exchange rate volatility is given by: 
where r t is the exchange rate returns, RRY t is relative real income, FXRES t is in foreign reserves and INFD t is inflation rate differential, TOT t is terms of trade, PR t is productivity and TR t is trade restrictions. All the variables are transformed into log difference form. VRRY t is the volatility of relative real income, VFXRES t is the volatility of foreign exchange reserves, VINFD t is the volatility of inflation rate differential, VTOT t is the volatility of terms of trade, VPR t is the volatility of productivity and VTR t is the volatility of trade restrictions.
EMPIRICAL ANALYSIS
In our empirical analysis, the monthly data from 100), foreign terms of trade measured by foreign price level of exports to imports ratio, trade restrictions measured by the reciprocal of trade openness which is sum of exports and imports to nominal GDP ratio, productivity measured as manufacturing production index to real GDP ratio are used. The conditional volatilities of these macroeconomic variables are measured through GARCH models.
In the estimation of GARCH models, various ARMA(p,q) model specifications for mean equation are used with the conditional variance equation simultaneously. The covariance matrix of the estimates (outer-product of gradients) is computed with the Maximum Likelihood Estimation (MLE) method. Further, normal distribution is used for conditional distribution of the error term. The model selection criterion for the GARCH models is based on diagnostic tests. These include AIC (Akaike Information Criteria) and SIC (Schwartz Information Criteria), Log-likelihood values, LM ARCH test, Box-Pierce Q and Q 2 statistics, Forecast evaluation measures and Nyblom test for parameter stability. In the case of model selection under the normal distribution the model with the minimum AIC, SIC, or maximum log likelihood values and Chi-square statistics which passes the Q-test, the LM ARCH test, Nyblom Test and minimum forecast errors is selected.
The plots of the monthly logarithmic changes in macroeconomic fundamentals are given in Figure 4 .1 which shows fluctuations in exchange rates and macroeconomic fundamentals. Since the conditional volatility is not directly observable, squared returns of exchange rates and squared logarithmic difference of macroeconomic fundamentals are used instead as a proxy of the realized volatility. In Figure 4 .2, plots show variations in realized volatility of exchange rates and macroeconomic fundamentals. The Table 4 .1 reports summary statistics for the monthly exchange rate returns series and macroeconomic variables. The mean of monthly exchange returns are slightly positive as the exchange rates increase slightly overtime. The value of skewness is positive statistically significant in PKR-USD, PKR-GBP, PKR-CAD and PKR-JPY exchange rate returns which implies that depreciation are more probable in these exchange rates. The excess kurtosis is statistically significant and positive for each of Pak Rupee exchange rates returns which indicate the monthly exchange rate returns are heavy tailed and have leptokurtic distribution. The Jarque-Bera statistic is used to indicate the characteristics of distribution of exchange rate return series. The Jarque-Bera test statistics are positive and statistically significant for each In order to test conditional heteroskedasticity, Lagrange Multiplier test and the Ljung-Box test are employed on exchange rate return series (PKR-USD, PKR-GBP, PKR-CAD, PKR-JPY) and macroeconomic variables. The Ljung-Box-Pierce Q-statistics and Q2-statistics at lag 10 are significant, showing there is serial correlation in residuals and square residuals. The LM test shows strong evidence that the square residuals exhibit an ARCH effect. These results support for the estimation of a conditional heteroscedasticity model for Pak Rupee exchange rate returns.
In order to test the stationarity of time series Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test is employed. KPSS statistics test the null hypothesis that series is stationary. The KPSS test is used with constant term and with constant and trend terms. The results in The evidences of non-stationarity, non-normal distribution and significant volatility clustering of exchange rate returns series and macroeconomic variables imply the use of non-linear models to model volatility. Hence, GARCH models are estimated. The Table 4 .3 presents the estimated GARCH models for the macroeconomic variables.
The Tables 4.4 and 4.5 present estimated GARCH(1,1) and GJR-GARCH(1,1) results for PKR-USD, PKR-GBP, PKR-CAD and PKR-JPY exchange rates returns series. The estimated parameters of GARCH(1,1) & GJR-GARCH(1,1) for Pak Rupee exchange rates series show α 1 is significant in all exchange rates except PKR-JPY exchange rates and β 1 is significant in all exchange rates. The estimated parameter γ 1 which captures the asymmetric effects is insignificant and negative in PKR-USD, PKR-GBP, and PKR-JPY exchange rates implying no leverage and asymmetric effects. While it is asymmetric effect is significant in PKR-CAD exchange rates implying leverage and asymmetric effects. The diagnostic tests point out that Jarque-Bera statistics still shows that the standardized residuals are not normally distributed. Moreover, the LM-ARCH test shows no ARCH effects The Q statistic for the standardized residuals indicates no sign of serial autocorrelation in exchange rates. The Q 2 statistic for squared standardized residuals indicates no sign of serial autocorrelation in exchange rates. The results in mean equations of estimated GARCH models show monthly exchange rate returns are affected by their own 1 month lag. The changes in other variables are insignificant in explaining the short run movements in exchange rates at returns. The results in variance equations of estimated GARCH models show relative real income volatility has negative and significant effect on PKR-USD exchange rate volatility. The negative effect is consistent with the findings of Chipili (2012) that real output volatility reduces exchange rate volatility. It has positive and insignificant effect on volatility in PKR-JPY exchange rates. The insignificance of real output volatility is in line with Morana (2009) and Grydaki and Fountas (2009) and positive effect is in line with Friedman (1953) where output volatility amplifies exchange rate volatility. The foreign reserves volatility has negative and significant effect on volatility in PKR-USD and PKR-GBP exchange rates. The negative effect is consistent with the findings of Shah et al. (2009) and Goyal and Arora (2012) that foreign exchange reserves volatility decreases exchange rate volatility. The inflation rate differential volatility has no statistical significant effect on volatility in exchange rates while it has significant effect on PKR-USD exchange rate volatility in GJR-GARCH model. The positive effect is confirmed by Morana (2009) and Cheung and Lai (2009) and insignificance is in line with Chipili (2012) . The terms of trade volatility has positive and significant effect on PKR-GBP exchange rate volatility in GARCH(1,1) model. Calderon (2004) has found similar results that terms of trade volatility increases exchange rate volatility. The terms of trade volatility has negative and significant effect on PKR-CAD exchange rate volatility in GJR-GARCH(1,1) model which is consistent with Chipili (2012) findings that terms of trade volatility reduces exchange rate volatility The productivity volatility has positive and significant effects on PKR-USD exchange rate volatility. The trade restrictions volatility has positive and insignificant effect on exchange rate volatility.
Stability Test
In order to check the stability of GARCH models, Nyblom test for individual and joint parameter stability is used. The Table 4 .6 and 4.7 present the Nyblom test for parameter stability of GARCH (1,1) and GJR-GARCH(1,1) models which suggest that there is no any statistically significant parameter instability in parameters.
Model Selection and Good-of-Fit Test
The traditional model selection criteria such as the Akaike information criterion (AIC), the Schwartz Information Criteria (SIC) and Log likelihood are used for selecting exchange rate model. The Table 4 .8 presents the AIC, SIC and log likelihood values. According to these criteria GARCH (1,1) is nominated as the best model in all exchange rates as it has minimum AIC and SIC values and maximum log likelihood values in all exchange rates as compared to GJR-GARCH(1,1) model.
The Adjusted Pearson Chi-square Goodness-of-fit test is also used for the selection of best model. It compares the empirical distribution of the innovations with the theoretical one. The Table 4 .8 reports the results of the χ 2 test for the distribution used in the GARCH models. The test results show that the null hypothesis is not rejected at 1% in both models which implies that the empirical distribution of the innovations and the theoretical one are identical for 40 cells in all exchange rates. 
In-sample Forecasting Evaluation
In order to see which model best describe the data, in-sample forecasting performance is generated. The 
CONCLUSION AND POLICY RECOMMENDATIONS
This paper empirically investigates the volatility of Pak Rupee exchange rates GARCH models using macroeconomic fundamentals. The results show that Pak Rupee exchange rates are characterized by different dynamics of conditional volatility and conditional volatility in Pak Rupee exchange rates are affected by different factors indicating variations across exchange rates in terms of the factors driving conditional volatility. The PKR-USD exchange rate volatility is influenced by real output volatility, foreign exchange reserves volatility, inflation volatility and productivity volatility. The PKR-GBP exchange rate volatility is influenced by foreign exchange reserves volatility and terms of trade volatility. The PKR-CAD exchange rate volatility is influenced by terms of trade volatility.
The findings of this study reveal the important macroeconomic fundamentals that are potential sources of exchange rate volatility in Pakistan. The instability in these macroeconomic fundamentals causes variability in the exchange rates in Pakistan. In addition, exchange rate volatility in Pakistan results from real shocks than nominal shocks. The role for exchange rate stabilization is identified. Therefore policy and decision makers need to pay attention to exchange rate stability. For the achievement of exchange rate stability, it is vital to realize these macroeconomic fundamentals affecting the exchange rates volatility. In other words, by controlling these macroeconomic fundamentals, they are able to stabilize fluctuations in exchange rates. They should provide good strategic policies for the exchange rate market and develop mechanisms to manage with various shocks. The government policies should be design in a way that would able to moderate fluctuations in exchange rates. Wanaset (2001) has pointed out an experience of stability in exchange rates in Singapore which confirmed that government policies encouraged exchange rate stability through the strong institutional setup which includes credible price stability, fiscal discipline, considerable openness and transparency and well-developed capital markets.
Therefore, policy and decision makers in Pakistan should design and develop set of policies and instruments for the exchange rate stabilization and strengthening of whole financial system. An efficient financial system leads to efficient intermediation of financial flows. This in turn reduces fluctuations in the exchange rates and enlarges the economy's resistance to shocks. Further, policy and decision makers should pursue close monitoring of the financial system and develop warning systems for emergence of risks and vulnerabilities. Moreover, for healthy economics foundations, there is a need to strengthen macroeconomic policies which encourage macroeconomic balance and lower exposure to speculative movements in currencies.
